Background: Hypertension is one of the most significant and common risk factors for cardiovascular disease, yet it remains poorly controlled in China. This study aims to examine trends and socioeconomic inequalities in the management of hypertension between 2011 and 2015 in China and to investigate the association between antihypertensive medication treatment and reduction of blood pressure, using nationally representative data. Methods: Concentration curve and concentration index were used to assess socioeconomic-related inequalities in hypertension care and health service utilisation. The fixed-effects analysis was performed to measure the impact of medication treatment on reduction of blood pressure among people with hypertension by using linear regression models. Results: Among hypertensive individuals, there were growing trends in the rates of awareness and treatment from 55.87% and 48.44% in 2011, to 68.31% in 2013 and 61.97% in 2015, respectively. The proportion of hypertension control was still below 30%. The fixed-effects models indicated that medication treatment was statistically significant and associated with the patients' systolic blood pressure (β: −13.483; 95% CI: −15.672, −11.293) and diastolic blood pressure (β: −5.367; 95% CI: −6.390, −4.344). Conclusions: China has made good progress in the hypertension diagnosis, medication treatment and coverage of health services over the last 10 years; however, pro-rich inequalities in hypertension care still exist, and there is considerable progress to be made in the prevention, treatment and effective control of hypertension.
Introduction
In the era of sustainable development goals (SDG), advancing universal health coverage (UHC) has become the centrepiece of health policy in many countries [1] . In this context, one of the key goals is to reduce premature mortality from noncommunicable diseases (NCDs) by one-third by 2030, mainly through effective prevention and treatment [2] . Like most countries in the world, China has recently experienced a very rapid epidemiological transition from a preponderance of infectious diseases to NCDs, including hypertension, diabetes, cardiovascular disease and cancers [3] . In an attempt at an effective response, and to achieve UHC, the central government in China launched comprehensive health reform in 2009 to increase the population's access to health services, and to lower the financial burden of illness [4] .
Previous studies reported the degree of diagnosis, treatment and control of hypertension in China [5, 6] , but most of them are cross-sectional in design [7] , not well suited, therefore, to capturing changes in treatment adherence and blood pressure control over time [8] . There are relatively few longitudinal studies assessing trends in hypertension management and health service utilisation over the last 10 years, since health system reform in China [9] . To our knowledge, this is the first panel analysis in China that employed fixed-effects models at the national level to examine the impact of hypertension treatment adherence on blood pressure control.
In this study, trends and socioeconomic inequalities were evaluated in healthcare and control of hypertension between 2011 and 2015 in China. Additionally, the association between antihypertensive medication treatment and reduction of blood pressure, using a nationally longitudinal dataset, was investigated, controlling for changes in treatment status for different periods.
Materials and Methods

Data Source
Data from baseline and follow-up surveys in the China Health and Retirement Longitudinal Study (CHARLS) undertaken in 2011, 2013 and 2015 was utilised. This study aimed to collect a nationally representative sample of Chinese residents aged 45 and over to inform scientific research on the elderly and to assess health trends. The CHARLS design, based on the Health and Retirement Study (HRS) and other related ageing surveys, has received funding support from Peking University, the Behavioural and Social Research Division of the National Institute on Aging, and the World Bank [10] .
The CHARLS' questionnaires cover the following domains: demographics, health status and functioning, healthcare and insurance, income and consumption, and several important biomarkers including height, weight and blood pressure. In CHARLS, each respondent's systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded three times by a trained nurse using a HEM-7112 electronic monitor. The average value for each study participant was calculated, but only given to the subjects once the interviews were completed. The interviewees were asked if they had hypertension and whether they were receiving any form of antihypertensive treatment. Details on how blood pressure measurements were taken in the CHARLS survey can be found elsewhere [10] .
To ensure a representative sample, the CHARLS baseline survey covered 150 counties/districts and 450 villages/urban communities, across 28 provinces, by using multistage stratified probability-proportionate-to-size (PPS) sampling. A total of 17,708 individuals in 10,257 households were successfully interviewed for the baseline CHARLS survey. The response rate was over 80% in all age-eligible households. Ongoing follow-up surveys were conducted every two years [10] .
After excluding cases with missing demographic information and blood pressure measurements, complete data were available for 13,725 individuals in 2011, 10,893 individuals in 2013, and 11,675 individuals in 2015. The three rounds of the CHARLS datasets were used to calculate the prevalence of hypertension and healthcare indicators for the different years. To measure the impact of medication treatment on blood pressure (BP), this research also created a panel dataset including 8,486 hypertensive individuals who could be identified in all rounds of the CHARLS by excluding the loss to follow-up and the deceased in 2013 and 2015.
Indicators
In this study, hypertension was defined as survey participants having systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg, and/or their being on antihypertensive medication treatment for raised blood pressure [11, 12] . Among hypertensive adults identified, those whose systolic blood pressure was less than 140 mmHg and those whose diastolic blood pressure was less than 90 mmHg were considered as effectively controlling their hypertension [13] . The measure of health service utilisation included three variables: the number of outpatient visits, the number of inpatient visits, and the number of education sessions provided by health professionals. The definition of prevalence, awareness, treatment and control of hypertension, and the variables in health service use are listed in Table 1 . Note: In the calculation of hypertension prevalence, the denominator was the number of all respondents; in the calculation of the percentage of awareness, treatment and blood pressure control, the denominator was the number of all identified hypertensive patients.
Statistical Analysis
The prevalence of hypertension and rates of awareness, treatment and control amongst Chinese adults were calculated. The Chi-square trend test was used to evaluate the difference in trends in the prevalence of hypertension, healthcare utilisation and blood pressure control from 2011 to 2015. Concentration Curve (CC) and Concentration Index (CI) were used to assess socioeconomic-related inequalities in hypertension care and service use. The further the CC lies from the equality line (45-degree line), the higher the degree of inequality in healthcare and health service utilisation [14] .
The concentration index can quantitatively reflect the degree of equality. This study calculated CI to measure socioeconomic inequalities in healthcare and control for hypertension according to the following equation:
where h refers to the variable in healthcare; µ is the mean of h; and r refers to the fractional rank of people according to the per capita household consumption expenditure (PCE), from the poorest to richest. A positive CI value shows that healthcare or service use is more likely in those in a higher socioeconomic group, and a negative CI value shows that underprivileged people are more likely to use health services or to be controlled well. Similar to the concentration curve, the higher the absolute value of CI, the worse for those with lower socioeconomic status. Zero indicates no socioeconomic inequality in hypertension care [14] . Given that treatment adherence and the within-person blood pressure can easily change over time, fixed-effects models (FEM) were performed to measure the impact of medication treatment on the reduction of blood pressure among those with hypertension by using linear regression analysis. The patients' SBP and DBP were included in regression models as outcome variables. The explanatory variables of interest were age, per capita household consumption expenditure, Body Mass Index (BMI), comorbidity, current smoking and alcohol consumption. Correlates of hypertension treatment were analysed using the FEM, after controlling for demographic characteristics. In addition to estimating the main effects of the treatment on blood pressure, interaction effects were examined by introducing the interaction term of treatment and some core variables, including PCE, BMI and comorbidity.
Considering the potential systematic error caused by sampling design and missing values, both the weighted and unweighted proportions for key variables of hypertension management were reported in descriptive results, using the weighting codes created by the CHARLS team [10] . All statistical analyses were conducted using STATA 14.0 (Stata Corp, College Station, TX, USA). p values less than 0.05 were considered statistically significant.
Results
Trends in Hypertension Prevalence and Healthcare in China
Overall, the prevalence of hypertension among adults in China aged 45 and above was approximately 40.78% in 2011, 43.25% in 2013 and 41.81% in 2015 (Table 2 ). Among patients who identified as having hypertension, there were growing trends in the rate of awareness and treatment from 55.87% and 48.44% in 2011 to 68.31% and 61.97% in 2015, respectively. The level of hypertension control was still low in China during the years 2011 to 2015. Specifically, the hypertensive patients with complications were more likely to be aware of their hypertension status, receive antihypertensive medications and to have achieved blood pressure control, compared to those without complications ( Table 2) .
For the utilisation of health services, Table 3 shows that inpatient care use increased from 10.68% in 2011 to 17.41% in 2015 in China. There was a growing number of hypertensive individuals receiving health education from health professionals from 2011 (33.67%) to 2013 (36.55%) and 2015 (39.79%). Patients with complications were also using more health services, compared to those without any complications; however, we did not find a significant change in the number of outpatient visits by adults in China with hypertension between 2011 and 2015.
Socioeconomic Inequalities in Healthcare and Outcomes
The results of socioeconomic-related inequality analyses for healthcare among patients with hypertension are shown in Table 4 . The proportions of medication treatment and control in the wealthiest quintile of people with hypertension were 1.16 times and 1.41 times greater, respectively, than in the most deprived quintile in China in 2015. Meanwhile, the proportion of outpatient visits, inpatient visits and health education sessions in the wealthiest quintile of hypertensive patients were 1.47, 2.91 and 1.36 times greater, respectively, than in the most deprived quintile.
The concentration curves for hypertension care were below the equality line, indicating that hypertension care and the use of health services were disproportionately higher among wealthy individuals in China in 2015. In terms of hypertension management, the worst indicator of pro-rich inequality was the control of blood pressure (Figure 1 ). Regarding the health service use among hypertensive patients, compared with the outpatient service and health education access, the most unequal indicator was the inpatient visit, which was also more concentrated among wealthy individuals ( Figure 2) .The concentration index of inpatient visits was 0.086, the only indicator with a statistically significant difference. In terms of health education, there was a slight concentration among poorer individuals (Table 4) . Table 5 shows the main results of the fixed-effects model analysis. The fixed-effects models indicated that medication treatment was statistically significant and associated with the patients' systolic blood pressure (β: −13.483; 95% CI: −15.672, −11.293) and diastolic blood pressure (β: −5.367; 95% CI: −6.390, −4.344), before introducing the interaction term of treatment and characteristic variables into these models. After introducing the interaction terms of antihypertensive medication treatment with PCE, BMI and comorbidity, all fixed-effects models continued to show statistical significance. There was, however, no significant association between interaction terms and a reduction in patients' blood pressure, as Model 2 showed. Table 5 shows the main results of the fixed-effects model analysis. The fixed-effects models indicated that medication treatment was statistically significant and associated with the patients' systolic blood pressure (β: −13.483; 95% CI: −15.672, −11.293) and diastolic blood pressure (β: −5.367; 95% CI: −6.390, −4.344), before introducing the interaction term of treatment and characteristic variables into these models. After introducing the interaction terms of antihypertensive medication (Table 4 ). Table 5 shows the main results of the fixed-effects model analysis. The fixed-effects models indicated that medication treatment was statistically significant and associated with the patients' systolic blood pressure (β: −13.483; 95% CI: −15.672, −11.293) and diastolic blood pressure (β: −5.367; 95% CI: −6.390, −4.344), before introducing the interaction term of treatment and characteristic Note: SBP, systolic blood pressure; DBP, diastolic blood pressure; PCE, per capita household annual consumption expenditure; BMI, body mass index; 95% CI, 95% confidence interval. All models were adjusted for age, living standard, BMI, comorbidity, smoking and drinking alcohol. Models 1 included only main-effects terms for all variables; Models 2 included both main-effects terms and interaction-effects terms for treatment and household consumption expenditure, BMI and comorbidity. × refers to the interaction term.
Results of Multivariate Regression Analysis
Discussion
This study demonstrates that the utilisation of consistent and regular medical treatment has improved the effective control over individuals with hypertension over time. This pattern is likely to reflect the successful implementation of recent policies and the intended outcomes of new health system reform which aim to achieve universal health coverage with affordable and equitable primary healthcare [15, 16] . Since 2009, China's health system reform has focused on five major areas, including improvements in the primary healthcare delivery system, public health insurance schemes, the essential medicine system, implementation of the National Public Health Initiative (NHPI) and public hospital improvements (pilot reform in 16 cities). The standard and qualified management of hypertension are directly linked to this comprehensive reform [17] .
Trends in Hypertension Prevalence and Treatment in China
This study showed a relatively high and stable prevalence of hypertension among middle-aged and elderly Chinese, with a downward turning point appearing in 2015. Meanwhile, it also reported an increased rate of hypertension awareness, treatment and control. The effective management of hypertension among the middle-aged and elderly is generally attributed to the implementation of the NPHI, which started in 2009 and aims to offer equitable essential public health services for all Chinese people, including hypertension and diabetes screening, standard management and health education [18] .
At the same time, the essential medicine system (EMS) was also rolled out across the country. This aims to improve medication access, quality and appropriate use, and this policy has benefited the majority of patients with hypertension, diabetes and some other NCDs [19, 20] . Through the EMS, primary care facilities in townships and counties in China have access to more than 400 essential medicines, including various antihypertensive drugs (such as beta-blockers and calcium channel blockers) [21] . Significantly, the provision of these medicines is heavily subsidised by the Chinese government through the implementation of zero-profit mark-up for essential medicines. The previously exploited 15% price mark-up was banned [22] . With the development of the EMS, and with more medication being reimbursed under the insurance schemes in China, this reform could lead to substantial improvements in hypertension treatment in the near future.
Health Service Use among Chinese Adults with Hypertension
Overall, a substantial upward trend in health service utilisation was observed among Chinese adults with hypertension between 2011 and 2015. The new health system reform in China played a significant role in promoting this trend [17] . The national programme of primary healthcare, for instance, spends around 6.3 billion US dollars every year on community healthcare providers who deliver a defined package of healthcare, including management of NCDs and essential primary healthcare [15] . They are responsible for establishing a health record and providing free health examinations and health education, including for people with hypertension.
Improvements in health insurance policies over the past few years have also played a positive role in hypertension management. The health system reform resulted in a significant increase in insurance coverage, with 95.7% of the Chinese population being covered by public health insurance schemes in 2011 [23] . Along with the expansion of benefits packages from public insurance schemes, financial risk protection has been improved in China. This may partially explain the findings of a growing trend in inpatient care. The utilisation of outpatient services, however, did not increase between 2011 and 2015, in large part because the New Rural Cooperative Medical Scheme, in which almost all rural residents in China were enrolled, did not cover the cost of outpatient care [17] .
The experiences of several developing and developed countries have demonstrated the relationship between insurance and healthcare [24] [25] [26] [27] [28] [29] [30] [31] [32] . Financial protection factors could play an important role in the improvement of health service utilisation for hypertension. Hypertensive patients insured through Mexico's Seguro Popular, for instance, are highly likely to receive antihypertensive treatment [24] . Among American adults with hypertension, those without health insurance had lower rates of blood pressure control between 2005 and 2008 [33] . A large-scale trial in the United States also showed that demand-side reimbursement from health insurance could increase primary and preventive services use [34] .
Low Level of Control for Hypertension in China
This study revealed that the blood pressure of hypertensive patients was higher in people without medication than among those who reported the use of antihypertensive medication. Although the performance of hypertension management has been reported in China on several occasions [35] [36] [37] [38] [39] [40] [41] [42] [43] , very few studies have conducted a longitudinal analysis in the same sampling group [5] , and none of them employed the fixed-effects models. The FEMs in this study suggested that medication treatment plays a vital role in blood pressure control among people with hypertension; however, the overall degree of controlled hypertension was universally low across three survey waves from 2011 to 2015. The rate of BP control among hypertensive Chinese adults was less than 20% across the nation, compared with 48% in the United States [33] .
The reality of two-thirds of hypertensive patients experiencing uncontrolled blood pressure is likely to be the result of inconsistent, inadequate treatment or insufficient quality of health service provision. Though the NPHI was developed to ensure optimal management of hypertension and diabetes for Chinese adults aged 35 and above, the inconsistent and uncoordinated primary care delivery system, lack of qualified physicians and public health workers and absence of effective surveillance system handicapped the implementation of the NPHI [44] . A survey showed that over 60% of Chinese adults with hypertension were still not receiving public health services in 2015, that is, there was a lack of health education to the population, including advice on weight control, exercise, healthy diet and smoking control. Major changes need to be made to improve the efficiency of service delivery for hypertension and substantially improve the effective control of hypertension in China. In response to this challenge, the current primary care system in China needs to be further strengthened and integrated with other reforms in public health service provision and the EMS. With comprehensive and continuous efforts in reforming the healthcare system, a more efficient and equitable health system would result, ensuring further improvement in the management of chronic diseases in China.
Socioeconomic Inequalities in Hypertenison Care
This study suggested levels of hypertension awareness, treatment and control tended to be higher among wealthier individuals in China, while a similar pro-rich distribution of health service use was observed, particularly the inpatient visit. The economic-related inequalities were consistent with previous findings regarding hypertension detection and treatment in China [45, 46] , Brazil [47] and Tanzania [48] . The socioeconomic inequality in hypertension control was pro-rich in Malaysia and South Africa, and several other low-and middle-income countries, although it was relatively equitable in Iran due to good access to affordable medicines [49] . These findings still highlight the importance of ensuring universal access to affordable, efficient and appropriate public health programs to detect hypertension in the middle-aged and elderly, and when diagnosed, to provide continuous access to essential treatment, including medications.
A good degree of hypertension care and control is unlikely to be achieved unless the universal healthcare and public insurance coverage can be further strengthened to improve access to both primary care and essential medications for all [50] . In 2019, China's central government rolled out relevant policies to ease burdens on citizens living with chronic disease. Hypertensive patients covered by urban and rural resident health insurance will be reimbursed for outpatient medications on the EMS, with the reimbursement ratio to be raised to over 50% [51] . Future research is needed to further evaluate the effectiveness of reforming these health insurance policies on hypertension management in China.
Strengths and Limitations
This is the first study in China to apply fixed-effects models in examining the impact of antihypertensive medication on reductions in blood pressure, considering the change of treatment status in different periods. This research will contribute to a deeper understanding of reform policies related to primary healthcare and public health services, and further analysis of the effectiveness of NCD treatment. This study only considered the middle-aged and older population in China, however. The effectiveness of hypertension treatment for younger Chinese groups should be considered in future studies. Some 20% of respondents were missing information on blood pressure during the surveys from 2011 to 2015. To account for nonresponse bias, we adjusted the analysis by using the created weights for individuals.
Conclusions
China has made good progress in the identification of people with hypertension, in medication treatment and in coverage of health services over the last 10 years. Between 2011 and 2015, China also saw a significant increase in the use of inpatient care services and access to health education related to lifestyle behaviours among hypertensive patients. This pattern reflects the implementation of recent policies. Despite these advances, fewer than a third of Chinese adults with hypertension were in control of their blood pressure, and pro-rich inequalities in the hypertension care and service use exist. China still needs to make more progress with respect to prevention, and to ensure more effective treatment and control of hypertension.
